Design, Simulation and Characterization of Wheatstone Bridge Structured Metal Thin Film Uncooled Microbolometer  by Ang, Wan Chia et al.
 Procedia Engineering  94 ( 2014 )  6 – 13 
1877-7058 © 2014 Chuan Seng Tan. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of the scientific committee of Symposium [Symposium E - Solid-state devices for light 
emission and detection] – ICMAT
doi: 10.1016/j.proeng.2013.10.013 
ScienceDirect
Available online at www.sciencedirect.com






















J>;HC7B9ED:K9J7D9;I7H;IKBJ	 J>;8H?:=;EKJFKJLEBJ7=;L7H?;I ?DH;IFEDI; JE J>;78IEH8;:#,FEM;H-?CKB7J?ED M7I
;CFBEO;: JE 9ECF7H; 7D: 9>7H79J;H?P; :?<<;H;DJ :;I?=DI E< 1












© 2014 Chuan Seng Tan. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of the scientific committee of Symposium [Symposium E - Solid-state devices for light 
emission and detection] – ICMAT
7 Wan Chia Ang et al. /  Procedia Engineering  94 ( 2014 )  6 – 13 
  %#!&%! 
#, H7:?7J?ED>7IC7DO;N9?J?D=7D:KI;<KB7FFB?97J?EDI ?D:?<<;H;DJ <?;B:I IK9>7I7IJHEDECO	C?B?J7HO7D:
IKHL;?BB7D9;56!;D;H7BBO	J>;H;7H;JMEA?D:IE<I;DIEHI<EH#,:;J;9J?EDF>EJED:;J;9JEHI9EEB;:8EBEC;J;H
7D: J>;HC7B :;J;9JEHI KD9EEB;: 8EBEC;J;H 5	 6 *>EJED :;J;9JEHI 9EDL;HJ J>; ?D9EC?D= #, F>EJEDI ?DJE
F>EJE9KHH;DJI J>7J JE8;:;J;9J;:.>;HC7B:;J;9JEHI 78IEH8 J>; ?D9EC?D= #, H7:?7J?ED ;D;H=O 7D: 9EDL;HJ ?J
?DJE >;7J ;D;H=O	 H;IKBJ?D= ?D 7 J;CF;H7JKH; H?I; M?J>?D J>; I;DI?D= C7J;H?7B	 M>?9> J>;D 9>7D=;I 9;HJ7?D
C7J;H?7B FHEF;HJ?;I J>7J 7H; C;7IKH78B; ECF7H;: M?J> F>EJED :;J;9JEHI	 J>;HC7B :;J;9JEHI >7L; 7 IBEM;H
H;IFEDI; J?C;7D:M;7A;HEL;H7BBF;H<EHC7D9;	8KJ7H;CEH;H;B?78B;7D:7L7?B78B; 7J7 CK9> BEM;H9EIJ 56





BEMM;?=>J	 BEMFEM;H9EDIKCFJ?ED	 BEM9EIJ	 BED= J;HCEF;H7J?ED	 7D:M?:; IF;9JH7B H;IFEDI;EL;HF>EJED
:;J;9JEHI 56	 M>?9> 7H; 7:L7DJ7=;EKI JE C?D?7JKH?P;: 7D: FEHJ78B; 7FFB?97J?EDI ?D9BK:?D= <?H;<?=>J?D=	








F;H<EHC7D9; EFJ?C?P7J?ED #D 7::?J?ED JE 879A=HEKD: 7D: J>;HC7B <BK9JK7J?ED DE?I;	 J>;O 7H; IKI9;FJ?8B; JE













.>?IF7F;H FHEFEI;I 7 1>;7JIJED;8H?:=; IJHK9JKH;:C;J7BJ>?D<?BCKD9EEB;:C?9HE8EBEC;J;H7JJ>;:;L?9;
B;L;B"7L?D=J>;#,:;J;9JEH9EDIJHK9J;:?D1
9ED<?=KH7J?ED	 BED=?DJ;H9EDD;9JBE7:?D=7IM;BB7I?DJ;H<79;
7D: DE?I; F?9AKF 97D 8; 7LE?:;: 56  EH 7 F;H<;9JBO 87B7D9;: 1	 FEM;H IKFFBO DE?I; 97D 8; <KBBO
IKFFH;II;:";D9;	 J>;:?<<;H;DJ?7BEKJFKJLEBJ7=;E< J>;8H?:=;C7O 8;7CFB?<?;:M?J>EKJ:;=H7:7J?EDE< J>;
-(,.>;H;IEBKJ?EDE<J>;I;DI?D=IOIJ;C?IEDBOB?C?J;:8OJ>;:;J;9JEH?DJH?DI?9DE?I;	M>?9>?IJ>;$E>DIED
DE?I; #J ?IMEHJ>DEJ?D= J>7J1





7HH7O	  * JE =?L; 7D ;NJH;C;BO <7IJ H;7:EKJ .?( ?I KI;: 7I J>; #,
78IEH8?D= C7J;H?7B :K; JE J>;?H <KBB







! "%!%$%! #$%#&%&#& !!#!!!%#
1>;7JIJED;8H?:=;?I7D;B;9JH?97B9?H9K?J9EDI?IJ?D=E<<EKHH;I?IJEHI	M>?9>9EDIJHK9J;:?DJ>;9ED<?=KH7J?ED
7II>EMD?D ?=#J?IDEHC7BBOKI;:JEC;7IKH; J>;;B;9JH?97BH;I?IJ7D9;E<J>;ED;>7L?D=7 DED
9EDIJ7DJEH
8   Wan Chia Ang et al. /  Procedia Engineering  94 ( 2014 )  6 – 13 














 ?= B;9JH?97B 9?H9K?J I9>;C7J?9E<71>;7JIJED;8H?:=;
 ?=.>H;;FEII?8B;:;I?=DIE<1>;7JIJED;8H?:=;C?9HE8EBEC;J;HM?J>7I?D=B;	8:EK8B;7D:9JH?FB;I;DI?D=;B;C;DJI
 EHJ>;FKHFEI;E<#,I;DI?D=	1>;7JIJED;8H?:=;?IKJ?B?P;:JE:;J;9J J>;H;I?IJ7D9;9>7D=;E<J>;I;DI?D=
C7J;H?7B.>;C;J7BB?9 I;DI?D=C7J;H?7B ?I IJHK9JKH;: ?DJE <EKHC;7D:;H
B?A; H;I?IJEHI M?J>XC B?D;M?:J>	
M>?9>7H;9EDD;9J;:JE;79> EJ>;H 7D:C7A;KF7 U  XC F?N;B I?P; 79>H;I?IJEHFB7OI7HEB;7I;?J>;H
I;DI?D= ;B;C;DJ #9 EH H;<;H;D9; ;B;C;DJ #. #D J>?I MEHA	 J>H;; :;I?=DI I;;  ?=  M?J> :?<<;H;DJ
9EC8?D7J?EDE< #9 7D: #. 7H;9ECF7H;: #9 ?I8K?BJED7 DC <H;;IJ7D:?D=I?B?9ED:?EN?:;-?)C;C8H7D;
M?J> BED= J>;HC7B ?IEB7J?ED B;=I M>?B; #. ?I :?H;9JBO 9EDIJHK9J;: ED I?B?9ED -? IK8IJH7J; M?J>  DC -?)
;B;9JH?97B ?IEB7J?ED B7O;H JE>7L;=EE:>;7J:?II?F7J?EDF7J>EJ> #9 7D: #. M?BB8;;NFEI?D= JE#,/FED#,
?HH7:?7J?ED	 J>; #9 H;I?IJ7D9; M?BB 9>7D=; :K; JE J;CF;H7JKH; H?I; M>?B; #. H;I?IJ7D9; M?BB H;C7?D 7BCEIJ
9EDIJ7DJ.>;:?<<;H;D9;?DH;I?IJ7D9;9>7D=;IE< #9 7D: #. :?IHKFJIJ>; 87B7D9; E<J>;JMEH;I?IJEH8H7D9>;IE<
J>; 1>;7JIJED;8H?:=;	J>;H;8O=?L?D=H?I;JEJ>;9>7D=;E< '6.>;H;I?IJ7D9;9>7D=;E< #9 97D8;FH;:?9J;:8O
G
9 Wan Chia Ang et al. /  Procedia Engineering  94 ( 2014 )  6 – 13 
     %#%# 99 		  












M>?9>7=H;;IM;BBM?J>J>;H;FEHJ;: L7BK;5	 61?J>?D9H;7I?D= 9	J>;.,L7BK;E<.?(J>?D<?BCH;I?IJEH
?I :;=H7:;::K;JEJ>;?D9H;7I?D=$EKB;>;7J?D=;<<;9J
 $  $&%!  ($$
 3-+:86:0-84)3*-0)<168
)'-)& 'KBJ?F>OI?9I I?CKB7J?ED JEEB M7I <?HIJ ;CFBEO;: JE FH;:?9J J>; H;IFEDI; E< J>; J>H;; 1

8EBEC;J;H:;I?=DI JE J>; $EKB;>;7J?D= ;<<;9J .>; J;CF;H7JKH;:;F;D:;DJ;B;9JH?97B9ED:K9J?L?JOE<.?(M7I
E8J7?D;:<HEC-;9J?ED.>;H;IJE<J>; C7J;H?7BFHEF;HJ?;IE<-?) 7D:.?(KI;:?DJ>?IIJ;7:O
IJ7J;I?CKB7J?ED
7H; ?DFKJJ;: <HECJ>;:7J787I;E<'7J;H?7B&?8H7HOE<)'-)&'KBJ?F>OI?9I7I B?IJ;:?D.78B;































 ?= -?CKB7J;: '6 E<J>;J>H;;1
8EBEC;J;H:;I?=DI7J:?<<;H;DJ "9 B;L;BI
 ?=I>EMIJ>; '6 L7H?7J?EDE<J>;J>H;;1
8EBEC;J;H:;I?=DI7J:?<<;H;DJFEM;HIKFFB?;I	 "9;I?=D
>7I7H;IFEDI?L?JO7JB;7IJ JM?9; 9ECF7H;:M?J> J>7JE< 7DEJ>;HJME:;I?=DI7J7BB "9 B;L;BI.>?I?I8;97KI;J>;





C;H?J  )' E< 7D #, :;J;9JEH ?I =EL;HD;: 8O J>; I;DI?J?L?JO 7D: J>;HC7B H;IFEDI; J?C;
-;DI?J?L?JO E< 1
8EBEC;J;H 97D 8; ;D>7D9;: 8O C7N?C?P?D= ]% M>?B; J>;HC7B H;IFEDI; J?C; 97D 8;
C?D?C?P;:8OEFJ?C?P?D=J>;J>;HC7B?IEB7J?EDB;=I:;I?=D
11 Wan Chia Ang et al. /  Procedia Engineering  94 ( 2014 )  6 – 13 











M>;H; :0 ?IJ>;JEJ7BJ>;HC7B9ED:K9J7D9;8;JM;;DJ>;8EBEC;JH?9C;C8H7D;JE?JIIKHHEKD:?D=	 :0 ?IJ>;>;7J
97F79?JO E< J>; 8EBEC;JH?9 C;C8H7D;	 C:0 ?I J>; J>;HC7B J?C; 9EDIJ7DJ	 A ?I J>; #, 78IEHFJ?L?JO	 "# ?I J>;
?D9?:;DJ#,FEM;H7D: D ?IJ>;#,CE:KB7J?ED<H;GK;D9O HECG7D:	 :0 FB7OI7D?CFEHJ7DJHEB;?D
#,:;J;9JEHF;H<EHC7D9;.>;L7BK;E< :0 ?I:;J;HC?D;:8OJ>;G7D:


























M>;H; 8),	 3-/	 /)9 7D: +65< 7H;J>;J>;HC7B9ED:K9J?ED8;JM;;D8EBEC;J;H7D:?JIIKHHEKD:?D=J>HEK=>>;7J
H7:?7J?ED	 IKFFEHJ B;=I	 =7I 9ED:K9J?ED 7D: 9EDL;9J?ED	 H;IF;9J?L;BO /D:;H L79KKC ;DL?HEDC;DJ	 /)9 7D:
+65< 97D8; ?=DEH;:7D: 8), ?I7BM7OID;=B?=?8B;9ECF7H;:M?J> 3-/.>KI	 :0 ?I:EC?D7J;:8O 3-/ M>?9>
97D8;:;I?=D;:799EH:?D=JE G 	M>;H; 5 ?IJ>;DKC8;HE<J>;8EBEC;J;HIKFFEHJB;=I	 B3-/>	 33-/> 7D: 3-/>
7H;J>;J>;HC7B9ED:K9J?L?JO	B;D=J>7D:9HEIII;9J?ED7B7H;7E<;79>IKFFEHJB;=C7J;H?7B	H;IF;9J?L;BO
:0 D;;:I JE 8; IC7BB ?D EH:;H JE =?L; 7 >?=> L7BK; E< ]% 7D: J>KI I;DI?J?L?JO"EM;L;H	 :;9H;7I; ?D :0
H;IKBJI?D7D?D9H;7I;?D C:0 7I9B7H?<?;:8O G .>KI	JH7:;
E<<?ID;;:;:8;JM;;DI;DI?J?L?JO7D:IF;;:?DJ>;
:;I?=D 9EDI?:;H7J?ED E< J>; 1
8EBEC;J;H #D EH:;H JE ?D9H;7I; ]% M>?B; A;;F?D= C:0 KD9>7D=;:	 ED; 97D
:;9H;7I; :0 8KJ :0 >7I JE 8; :;9H;7I;: 8O J>; I7C; 7CEKDJ 7I :0 .>?I 97D 8; 79>?;L;: 8O H;:K9?D= J>;
8EBEC;JH?9C;C8H7D;J>?9AD;IIEH7H;7,;:K9?D=J>;8EBEC;JH?9C;C8H7D;7H;7:;=H7:;IJ>;I;DI?J?L?JO	J>KI
:0 ?IDEHC7BBOH;:K9;:8OJ>?DD?D=J>;8EBEC;JH?9C;C8H7D;)DJ>;EJ>;H>7D:	J>;IKFFEHJ B;=II>EKB:8;
IJHED=;DEK=>JEC;9>7D?97BBOIKFFEHJJ>;8EBEC;JH?9C;C8H7D;.>KI	 3-/ JE 33-/ H7J?E97DDEJ8;JEEIC7BB
 ?=-?CKB7J;:J;CF;H7JKH;FHE<?B;7D:J>;HC7BH;IFEDI;E<;I?=D1
8EBEC;J;H7J '9 E<0




9ED:?J?EDI;JJ?D=I7IJ>EI;E<-;9J?ED 8O<?N?D= '9 7J0.>; ]% ?D:K9;:8OJ>;$EKB;>;7J?D=;<<;9JE<
.?( H;I?IJEHIM?J> J?C; 7D: J>; J;CF;H7JKH; FHE<?B; E<;I?=D1
8EBEC;J;H ?I :;F?9J;: ?D  ?=  #JM7I
<EKD:J>7JJ>;>;7J;D;H=O<HEC$EKB;>;7J?D=E< #9 H;I?IJEHI?I78B;JE8;9ED<?D;:M?J>?DJ>;-?) <H;;IJ7D:?D=
C;C8H7D; M>?B; J>; J;CF;H7JKH; E< #. H;I?IJEHI <EBBEMI J>; IK8IJH7J; J;CF;H7JKH; C:0 E< J>; :;L?9; 97D 8;
;IJ?C7J;:M?J>G
      :0:%%:%  ;NF 
M>;H; %: ?I J>; J;CF;H7JKH; E< #9 7J J?C; E< : 7D: %  ?I J>; ?D?J?7B J;CF;H7JKH; 7J J?C; P;HE .>; C:0 ?I
;IJ?C7J;:JE8;  CI<EH ;I?=D1
8EBEC;J;H M?J> F?N;B 7H;7E< USC	M>?9>?I IKF;H?EH JEJ>;
9ECC;H9?7BI;C?9ED:K9JEH
JOF;KD9EEB;:C?9HE8EBEC;J;HI56
 '6 8-976591<1:?914;3):165=1:0#188),1):165 0-):96;8+-
.>; '6 H;IFEDI?L?JOM?J>H;IF;9JJEJ>;78IEH8;:#,FEM;H	 "# 7J:?<<;H;DJB;L;BIE< "9 <EH;I?=D1

8EBEC;J;HM7I IJK:?;:M?J> J>; I7C; I?CKB7J?ED JEEB .>; 9ED:?J?ED I;JJ?D=I ?D J>?I I?CKB7J?ED 7H; ?:;DJ?97B
M?J>J>;ED;?D-;9J?ED	;N9;FJJ>7JJ>;JEFIKH<79;E<.?(M7I:;<?D;:M?J>7L7HO?D=8EKD:7HO>;7JIEKH9;
M>?9> IOC8EB?P;I "# .>; I?CKB7J?ED H;IKBJI 7H; FBEJJ;: ?D  ?=   H;IFEDI?L?JO E< 78EKJ  01 M7I
;NJH79J;:<HECJ>;=H7:?;DJE< ?=8 7J J>; '9 E<0 "?=>;H '9 =?L;I J>;>?=>;H '6 H;IFEDI?L?JO7J J>;
;NF;DI; E< >?=>;H ?D?J?7B E<<I;J LEBJ7=; 7D: DE?I; B;L;B "EM;L;H	 J>?I IC7BB E<<I;J LEBJ7=; 97D 8; ;7I?BO
9ECF;DI7J;:KI?D=IE<JM7H; FHE=H7C EH H;7:EKJ 9?H9K?JI
7 8
 ?=7-?CKB7J;: ]% 7D:8 '6 E<;I?=D1








$E>DIED DE?I; KHJ>;H ?D:;FJ>DE?I; 7D7BOI?I ?I D;;:;:ED J>; <78H?97J;::;L?9;I ?DEH:;H JE:;J;HC?D; J>;
13 Wan Chia Ang et al. /  Procedia Engineering  94 ( 2014 )  6 – 13 
EF;H7J?ED9ED:?J?EDI <EHJ>;EFJ?CKCF;H<EHC7D9; )DJ>;EJ>;H>7D:	>?=>J;CF;H7JKH;EF;H7J?ED?IFEII?8B;











56 ,E=7BIA?		 #D<H7H;::;J;9JEHIIJ7JKI7D:JH;D:I	 *HE=H;II?D+K7DJKCB;9JHED?9I	F 











56+K;HD;H	3	 -9>KBP;		(EHAKI	0	 !;HB79>	!	 "?=>







































56%HKI;	 *1	  Z/D9EEB;: ?D<H7H;: <E97B FB7D; 7HH7OI	[ *HE9;;:?D=I E< J>; # #DJ;HD7J?ED7B -OCFEI?KC EDFFB?97J?EDI E<
 ;HHE;B;9JH?9I	FF

